Soil erosion is one of the most important environmental concerns in the hilly and gully region of the Chinese Loess Plateau. In this study, a distributed soil erosion model considering the shallow gully erosion (ephemeral gully erosion) was used to simulate and track soil erosion changes in an easily-eroded watershed from 1985 to 2010. Results indicate that: 1) The distributed soil erosion model based on the RUSLE is suitable for the hilly and gully region of the Loess Plateau and can better improve modeling capabilities for future study of sediment and pollution. 2) The overall soil erosion intensity in the southeast and central parts of the watershed is higher than that of the northwest. The spatiotemporal variations of soil erosion in the whole watershed are largely related to rainfall erosion distribution and land use layout. 3) Effects of returning farmland measures on soil erosion in the Yanhe River upstream are remarkable, and the Panlong River basin needs to further strengthen soil and water conservation measures, and the Yanhe downstream cannot also be ignored in future watershed management planning. 4) Dry land is the critical source area before and after returning farmland in the watershed. The implementation of soil and water conservation measures of dry land is a top priority for soil erosion prevention and control of the watershed. Results may provide scientific reference for erosion identification of critical source areas and land use planning in the loess hilly and gully region.
Introduction
Soil erosion is one of the important environmental problems endangering the survival and development of people in China [1] . According to the 1990 national census data of remote sensing, the water erosion area in China is 1.79×10 6 km 2 and annual soil loss is up to 50 tons [2] . The Loess Plateau is one of the most serious regions of soil erosion in the world [3] . Serious soil erosion not only exacerbates the deterioration of the ecological environment, but also leads to a large amount of sediment flowing into the Yellow River [4] . The sediment itself is a kind of non-point source pollution and is also the main carrier of various toxic and harmful substances. These pollutants will bring many adverse effects to the receiving water, which may badly threaten the harmonious development of the economy and society in the Loess Plateau [5] .
Natural factors causing serious soil erosion in this region mainly include the concentrated precipitation, loose soil, fragmented topography, and the degraded vegetation ecosystem [6] ; irrational land use layout related to human activities is also an important reason for intensified soil erosion [7, 8] . The Yanhe River is a first-grade tributary of the Yellow River, and the Yanhe watershed is one of the most typical easily-eroded regions in the hilly and gully region of the Loess Plateau [9] . Therefore, the tracking study of soil erosion changes before and after returning farmland (Beginning in 1997 [10] ) has important significance for revealing the rules of soil erosion in the Yanhe River watershed, preventing soil degradation, enhancing agricultural production, and reducing sand introduced to the Yellow River.
In general, due to lack of enough measured data, it is very difficult -even impossible -to apply conceptual and physical models in evaluating soil erosion for large-scale watersheds [11] [12] [13] [14] . In other words, previous studies have shown that the application scope of WEPP, ANSWERS, and other mechanism models is narrow in China due to parameter problems [15] . Therefore, empirical models are widely used for soil erosion modeling in the world. Among them, the universal soil loss equation (USLE) is one of the typical models in the process of soil erosion simulation studies [16] . Because of its convenience in application and compatibility with geographical information system (GIS), the combined use of the USLE or its revised form (RUSLE) [17] , remote sensing, and GIS techniques makes soil erosion estimation and its spatial distribution feasible with reasonable accuracy on a large scale [18] , and it has been dominantly used in GIS-based soil erosion assessments of different scales in different countries [19, 20] . It is not only one of the most widely used empirical models to predict soil erosion at field scales resulting from sheet and rill erosion [21] , but also frequently to estimate soil erosion at basin scales resulting from slope erosion [22] . It can estimate spatial heterogeneity of potential erosions and identification of critical erosionprone areas in watersheds [23] . The application effects of this model have been validated in recent studies [24, 25] . Fig. 1 . The study area: (a) the relative location between the study area and the Yellow River/Yellow River Basin in China; (b) longitude and latitude coordinates of the study area, digital elevation model (DEM) data, and the delineation of sub-basin, river systems, and meteorological station within the Yanhe River watershed.
Because Chinese early empirical model do not consider the specific process of soil erosion and has strong regional pertinence, its practical applicability is apparently lower than that of RUSLE [26] . USLE model and its revised form have also been widely used in China [27] , but many studies have shown that the application of RUSLE needs proper corrections according to the watershed conditions and research purposes [28] . As far as the Yanhe River watershed is concerned, under dual effects of complex steep terrain conditions and human activities, the shallow gully erosion has a significant impact on slope erosion and sediment yield [29] .
Therefore, it is necessary to consider the effects of shallow gully erosion on soil erosion in the loess hilly and gully region. The objectives of this study are to: 1) establish a distributed soil erosion model containing the shallow gully erosion, 2) simulate spatiotemporal distributions of soil erosion in the Yanhe River watershed, and 3) track soil erosion changes of the Yanhe River watershed in the hilly and gully region. The model proposed here could better improve modeling capabilities for spatiotemporal distribution of soil erosion; the data reported in this paper could also provide a scientific basis for the regional prevention and control of soil erosion in the Loess Plateau. 
Material and Methods

Study Area
The Yanhe River, which originates from the Baiyu Mountain of Jingbian County, is one of the main tributaries of the Yellow River (Fig. 1a) . It flows through five counties (districts), including Jing-bian, Zhi-dan, Ansai, Baota, and Yangchang from northwest to southeast in Shaanxi Province (108°38′~110°29′E, 36°21′~37°19′N), and finally it empties into the Yellow River in Nanhe ditch, Yan-chang County (Fig. 1b) . The Yanhe catchment area is 7,725 km 2 , and it mainly includes tributaries of the Xingzi, Xi-chuan, Panlong-chuan, and Nan-chuan rivers, with average annual precipitation of about 495.6 mm and almost 60% of the total annual rainfall occurring during the monsoon period (June-September). The most widely distributed soil in the watershed is alluvial soil.
Environmental Database
The environmental parameters in the study mainly include digital elevation (DEM), land use, precipitation, and soil properties (Tables 1 and 2 ). In this study, the Yanhe watershed is divided into seven sub basins as shown in Fig. 1b .
Methodology
In general, the topography and soil characteristics in a watershed are basically invariant in a relatively short period of time. Dynamic variations of soil erosion predominately arise from rainfall conditions [30] and vegetation cover management measures [31] . Therefore, factors of K, L, S, and P in the RUSLE equation can be assumed to be constants because they reflect topography and soil characteristics, but R and C factors will change year by year with rainfall conditions and vegetation cover management measures. Besides, shallow gully erosion is one of the main methods of soil erosion in the middle and lower part of the sloping land, and plays an especially important role in the slope soil erosion of Chinese loess plateau [32] , so the shallow gully erosion was introduced to accurately estimate soil erosion of the Yanhe watershed in this study. Thus, the RUSLE equation can be changed into the simple annual soil erosion model: (1) …where E is the annual average soil erosion modulus over many years, t/(ha · a); R is the rainfall erosivity factor, MJ · mm/(ha · h · a); K is the soil erodibility factor, t · ha · h/(ha · MJ · mm); LS is the slope length and slope gradient factor; G is the shallow gully erosion factor; C is the vegetation cover and management factor; and P is the soil and water conservation factor. LS, G, C and P are dimensionless; the subscript i represents the i-th year.
1) Rainfall erosivity factor
The half-month method shows the seasonal distribution of rainfall erosivity by the period of half month, and has been widely used in China [33] . In this study, a half-month simple algorithm of rainfall erosivity established by Zhang et al. [34] was used to calculate rainfall erosivity. The halfmonth algorithm of rainfall erosivity estimated by daily rainfall is as follows: (2) …where R i represents the rainfall erosivity value in i-th half-month period (MJ · mm · hm
), k represents the number of days within the half-month period, P j is rainfall in the j-th day during the half-month period, and the requirement of daily rainfall is greater than or equal to 12 mm (erosive rainfall standard). (4) …where P d12 represents the average daily rainfall when the daily rainfall is greater than 12 mm, and P y12 represents the average annual rainfall when the daily rainfall is greater than 12 mm. The rainfall erosivity factor of the Yanhe watershed was estimated and spatially showed in Fig. 2 .
2) Soil erodibility factor
Soil erodibility is an important factor for evaluating soil erosion intensity. It refers to whether soil is prone to erosion or not [35] . The empirical formula is: (5) …where SAN, SIL, CLA, and C show the content (%) of sand, silt, clay and organic carbon, respectively; and SN1 = 1 -SAN/100. The values and the spatial distribution of the soil erodibility factor are calculated and shown in Table 3 and Fig. 3. 3) The slope length and slope gradient factor Slope length and slope gradient are the basic terrain elements affecting soil erosion. The product of slope length factor (L) and slope gradient factor (S) specifically is the slope length and slope gradient factor (LS), which has also been called the topographic factor. Based on the related literature [36] , the slope length and slope gradient factor were calculated by the following equations:
…where L is the slope length factor; λ is the horizontal length of slope, m; α is the slope length index; β is the parameter; S is the slope gradient factor; and θ is the slope gradient, %. The spatial distribution of the LS factor was determined using GIS technology (Fig. 4) . Fig. 3 . Soil erodibility factor of the Yanhe River watershed. Fig. 4 . The slope length and slope gradient factor of the Yanhe River watershed.
4) The shallow gully erosion factor Shallow gully erosion (ephemeral gully erosion) is an important type of the slope soil erosion process. It is a transitional type from rill erosion to gully erosion, and it mainly occurs in sloping farmland due also to the gully water catchment. The shallow gully erosion factor (G) reflects effects of shallow gully erosion on watershed erosion and sediment yield. According to Jiang et al. [37] , the shallow gully erosion factor is mainly affected by precipitation, the intensity of convergent flow, and soil property. When there is no shallow gully erosion, G = 1. (8) …where G is the shallow gully erosion factor, α is the surface slope (º), R is individual rainfall (mm), and I 30 is the maximum 30 minutes rain intensity (mm/min); when the slope is less than 15, G =1 º
5) Vegetation cover and management factor
The vegetation cover and management factor (C) reflects comprehensive benefits to prevent soil erosion by natural vegetation and crop cultivation measures of the region. According to the relevant literature [38] , the values and the spatial distribution of the C factor in the Yanhe watershed was determined and shown in Table 4 and Fig. 5. 6) The water and soil conservation factor
The water and soil conservation (P) factor is the ratio of the soil erosion amount of the specific soil and water conservation measures and the soil erosion amount of down slope cultivation without soil and water conservation measures. According to studies of Fu et al. [39] , the spatial distribution of P factor was evaluated and shown in Fig. 6 .
Results and Discussion
Spatiotemporal Changes of Soil Erosion in the Yanhe River Watershed
According to Standards for classification and gradation of soil erosion (SL 190-2007) released by the Ministry of Table 4 . C values of different land use types in the Yanhe River watershed [39] . Water Resources of the People's Republic of China, it can be seen from Fig. 7 that severe erosion occurs mainly on both sides of the main river banks, and soil erosion gradation has large spatial variability. The overall soil erosion level in the southeast and central parts of the watershed is higher than that of the northwest, which is mainly because the south and central parts of the watershed have stronger rainfall distribution and more slope farmland distribution, and the average erosion intensity in this study is basically consistent with previous studies [40, 41] . In addition, the spatial variability of topography and soil also affects the distribution of soil erosion. Based on proportion statistics of erosion grade (Table 5) , the soil erosion gradations before and after the project of returning farmland in the watershed are both mainly with mild and moderate erosion, which accounts for more than 60% of in each sub basin all accounts for more than 30%, and moderate gradation of soil erosion for 25~50 (t/hm 2 .a) in each sub basin all accounts for more than 25%, the sum of gradations of mild and moderate erosion accounted for more than 60% of the total area of the watershed; the most serious region of intensive erosion is YanhewanYangjialing sub basin, which accounts for 5.29% of the total sub-basin area. After returning farmland in 2005, the percentage of soil erosion gradation has changed in each sub basin.
Percentages of mild and moderate gradation of soil erosion in each sub basin both have an overall downward trend; the most serious region of intensive erosion is Xichuan subbasin, which accounts for 8.84% of the total sub-basin area, followed by the Yanhewan-Yangjialing sub basin. Percentages of micro (<5 t/hm 2 .a) and mild erosion in each sub basin both have an overall upward trend. In short, the soil erosion intensity after returning farmland has a slowing trend compared with the former. The reason can be mainly attributed to changes of local land use distribution in the watershed, since 1997, taking small watershed as a management unit, the soil and water conservation ecological project was carried out in loess hilly and gully region.
Spatiotemporal Changes of Soil Erosion
in Different Land Use Types Tables 8 and 9 show soil erosion gradation and percentage in different land use types of the Yanhe watershed in 1995 and 2005, respectively. As far as each land use is concerned, before returning farmland in 1995, the land use types with a large proportion of erosion mainly include dry land, middle coverage grassland, and low coverage grassland. Where the moderate gradation of soil erosion in dry land accounts for 53.71% of the total dry land area, the mild gradation of soil erosion in dry land accounts for 25.65% of the total area, the mild gradation of soil erosion in low coverage grassland is about 47.77% of the total low coverage grassland area, the mild gradation of soil erosion in the other forest land is about 16.61% of the total other land area, and the moderate gradation of soil erosion in the other forest land accounts for 11.87% of the total other forest land area.
After returning to farmland in 2005, percentages of moderate gradation of soil erosion and mild gradation of soil erosion in dry land both have a downward trend in general and decrease by 3.48% and 0.97%, respectively; the percentage of mild gradation of soil erosion in low coverage grassland decreases by 3.09%; however, percentages of mild gradation of soil erosion and moderate gradation of soil erosion in other forest land increase by 4.75% and 0.65%, respectively. The above results indicate that changes of soil erosion intensity before and after returning farmland are not only related to land use changes, but also are closely related to the rainfall intensity and rainfall amount. This is also compatible with the early research results by Xie [43] .
Conclusions
This study takes different sub basins and land use types as starting points to track spatiotemporal distributions of soil erosion in the Yanhe River watershed of the hilly and gully region of the Chinese Loess Plateau. Main results can be drawn as follows: 1) The Yanhe River watershed was mainly with mild and moderate erosion before and after the project of returning farmland, and accounts for more than 60% of the total basin area. After returning to farmland in 1997, the proportion of the intensive, very intensive, and severe erosion slightly decreased, and the micro erosion increased. The severe erosion region mainly occurs on both sides of the main riverbanks, and the overall soil erosion modulus in the southeast and central parts of the watershed is higher than that of the northwest. Spatiotemporal variations of soil erosion in the whole watershed are largely related to spatiotemporal distribution of rainfall erosivity and land use layout. 2) The overall soil erosion gradations in each sub basin of the Yanhe River watershed are mainly with mild and moderate erosion. The mild, moderate, and severe erosion in Xichuan sub basin has the largest proportion in all sub basins, and is followed by the Xingzihe sub basin and Yanhe River upstream sub basin. In addition, the effects of returning to farmland upstream in the Yanhe are remarkable, and the Xingzi River basin has the same good effects as the Yanhe River upstream. While the Xichuan River basin and Yanhe River downstream have only slight changes, the erosion from moderate to severe in Panlongchuan basin is an increasing trend. Therefore, the Panlong River basin needs to further strengthen soil and water conservation measures, and soil erosion in the Yanhe downstream basin cannot be ignored in future watershed management.
3) The cultivated land area decreased after returning farmland in the Yanhe River watershed, taking 1995 and 2010 as an example, the cultivated land reduced by 235.3 km 2 accounts for about 3.046% of the whole basin area, and forest land increased by 277.9 km 2 , accounting for about 3.597% of the whole basin area. The overall soil erosion in different land use types of the Yanhe River watershed mainly belongs to dry land, low, and middle coverage grassland, after returning farmland, and the intensive erosion gradation has a decreasing trend. Dry land is the critical source area of soil erosion in the Yanhe River watershed, and the implementation of soil and water conservation measures on dry land in the Yanhe River watershed is a top priority for regional soil erosion prevention and control.
